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ABSTRACT  This  article  puts  forward,  and,  in  conjunction  with 
that,  studies  mixed  inertial  and  geomagnetic  navigation  systems 
composed  of  single  gyroscope  dual  ring  inertial  platforms  and  solid 
state  geomagnetometers .  In  the  article,  discussion  is  made  of 
syst^  construction  as  well  as  operating  principles.  in  depth 
study  is  made  with  regard  to  system  mechanical  lay  out.  In 
conjunction  with  this,  analyses  are  completed  of  system  accuracy 
with  a  view  toward  cruise  missile  flight  status^.  Combined 
inertial /geomagnetic  navigation  systems  are  capable  of  supplying 
navigation  and  guidance  information  which  is  the  same  as  that 
associated  with  inertial  guidance  systems.  They  are  not  only 
capable  of  providing  longitude  and  latitude.^  They  are,  moreover, 
able  to  supply  such  information  aa  aurface  (illegible)  as  well  as 
attitude  angles,  and  so  on.  Due  to  the  fact  that  inertial 
platforms  only  make  use  of  one  gyroscope  and  two  accelerometers  and 
there  is  also  no  bearing  stability  circuitry,  therefore,  the 
structure  is  simple.  Manufacture  is  easy,  and  volumes  are  small. 
Costs  are  low.  Another  obvious  advantage  associated  with  the 
systems  in  question  is  that  there  is  no  need  tp  carry  out  azimuth 
alignment.  Preparation  times  are  very,  very  much  shortened. 

KEY  WORDS  Inertial  navigation  system  Magnetic  heading 
instruments  Low  cost  guidance  system  Single  gyroscope  platform 


I .  INTRODUCTION 

As  everyone  knows,  inertial  navigation  is  one  type  of  advanced 
navigation  system.  It  is  strongly  autonomous— capable  of  using 
continuous,  complete,  and  highly  precise  methods  to  supply  various 
types  of  navigation  and  guidance  parameters.  Numerous  advantages 
make  inertial  navigation  systems  into  pieces  of  key  equipment 
associated  with  delivery  vehicles.  The  most  outstanding  problem 
associated  with  inertial  guidance  systcuns  is  expensive  prices. 
This  shortcoming  put  a  good  number  of  users  in  terror  of  them  for 
a  long  time,  not  daring  to  get  involved  with  them.  At  the  present 
time,  various  types  of  inertial  navigation  systems  are  in  the  midst 
of  a  phase  of  rapid  development,  ^ng  strides  associated  with  GPS 
have  gradually  changed  inertial  navigation  systems  in  order  to 
pursue  set  ups  with  high  precisions  as  the  primary  development 
objective.  Lowering  system  costs  and  reducing  volumes  has  made 
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...tens  .econe  eccepta^le  to  note  users  end  even  note  Inpottaut 

<-han  at  anv  time  in  the  past.  cniidance  systems  opt  for 

?Lveutional  The  sttuctute  is 

the  use  of  three  ring  Volmnes  are  large.  Reliability  a.s 

coruVct“s\A|ioW  we  /-^STand 

^|i^Seitsl!:ihTarticulat  gyros«pes-^^^^^^^^^^ 

cost  L5e  been  put  i“to  f  sea^h^  on^^platfom 

Structures  that  are  comparative^  s^pl  |  inertial  guidance 

!v«t^s— for  example,  speed  bearing  pi  inertial  navigation 

TslZl  and  single  effectively  resolved  volume 

satisfactory.  inside  and  outside  f®°“?^®the 

At  the  present  time,  in  with  compensating  for  one 

instr^e^ts  and  technologies  associated  t.vely 

tn^^T-ference  of  magnetic  fields  .  course  instruments  are 

t  ^%Jls  The  accuracies  of  "‘^^netic  coui 

'fSsA^^assoS^wir  P- t«tent" 

iSiri’^3t\Tckn^|e 

2 .  STSTBM  CONSTITUENTS  AND  OPERATING  PRINCIPLES 

j:  inert  ial/geomagnetic  navigation 

The  “one  type  of  sttuctute  among  these  is  as 

systems  are  oi  uwu  jft' 
shown  in  Fig* 2.1* 
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Fig.  2.1  One  Mixed  Inertial/Geomagnetic  Navigation  System 
Structure 

<X,  Sta.m.ation  <i> 

of  Rotation  I"f°™®t“n  (9)  At^tude  intoOTan  (  '^formation 

Mti^udi  InK“n  ^riTco^rol'^iiWlAy  (15)  Altimeter 

•  -"""ifade'  lor\"he"”f 

gKml^eJometers  “  tlV''b^sis\T'"^tpaS.  “oSpi?e« 

With  geomagnetic  fields.  This  tvoe  of  structure  does  not 

calculate  platform  installation  sites 

require  “5“®5  “^oirse  angle  calculations  are  comparatively 

for  geomagnetometers.  ea?ion  technologies  are  complicated. 

staple.  However  error  ^ 

a«  “e^y  puStifully  represented,  this  article  will,  therefore, 
focus  its  studies  on  ,  avstem  the  inertial  platforms  used 

a“l^"/fnc^l\?lo™s  The^  axes-roll 

tnd  pitch.  The  specific  structure  is  as  shown  in  Fig. 2. 2. 
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inertial  Platform  Structure  Schematic 


Fig  2 • 2 

1  Flexible  Gyroscope  with  Dual  Degrees  of  Freedom  2  and  3 

F?^ibi;  Accelerometer  4^and  5  Dual  Axis  Geomagnetometer  (6) 
Direction  of  Flight 


=  v#»rticallv.  The  two  measurement  axes 

Gyroscopes  are  ^°®^J^^®_orresinding  platform  coordinate  axes, 
point/  respectively/  resoectively  measure  accelerations 

The  two  ®‘^5®^®^°®®^Hi?ection^s  of  two  mutually  perpendicular 
associated  ‘^^^es  along  the  carrier  body  platforai/ 

S°!iu?^lig  ouf  ^  in  re“l  time  Various  types  of  navrgatron 

parameters  .^^^^ems  question  possess  the  two  important 

characteristics  below.  ^Ti™ensive  orices  and  small  volumes 

xeplai;  aStrg5^rsr/es%\th^?^ensive  |rices  and  comparatively 

large  ™i™es^^  do  not  s?t  up  ted  “be  ToJ^ined“:i" 

of  the  fact  that  ^  „fth  other  equipment  and  are  only 

altitude  inforaation  ^ter  that  aiSl  the  combining  will 

capable  of  being  “>«tdnndancies  the?  a«  tt  advantageous  to  the 
make  systems  produce  redundanc  /  y 

lowering  of  system  costs.  platforms /  the  system 

compared  to  conventional  one  ring  piauxo 

structures  in  question  are  .  deduced  Do  to  the  fact  that 

for  “t  set^Sb  inirtial  altitude  channels,  as  a  result,  they 

l?^\he“:tSf  «  t«src“Jat\1°“trp"nle“  inert  Jl  navigation 
systems • 
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3.  SYSTEM  EQUATION  SET  UPS 


S?st^ropt^for^h4  use  of  northeastern  celestial  geographic 
nAf-Aft  to  act  as  navigational  coordinate  system.  Platform 
sYSt^s  and  geographical  coordinate 

systems  differ  from  each  other  by  a  course  angle  a. 

?S^ceB"S“iero.eter  readings.  Systen.  relative 
force  equations  are: 


£p  ^  y  j  -I-  (  2flcos<pcosa + aijp, )  VT  ^  (  2nsin9 + wjp. )  V, 

£P  ^  yp -I- (  2flcos9si  na  4- )  Vf  “  (  2nsi  n<p-i- )  Vx 


Because  of  the  fact,  that  geogragical  |=|rdinate 

lakfr^aUv^  “fTc?s‘ a“d  onto  a  geographical  system. 

The  projection  equation  is: 


(3.2) 


n 

'cosa  — sina' 

( 

■fr 

! 

-fs' 

.sina  COSO  - 

M 

in  geographical  systems,  the  system  velocity  equations  are: 

(3.3) 

j  Vp  =  fg-i- (2nsin<p+u>2)VN  -  (2ncos®-^<t>N)  Vz 
[VN  =  fN“  (2Usin<p+tuz)VE-r‘^Vz 


•  S  “  ,^^s%^o|r%\tcaTSule^^°1rfndt^S: 

rlspectively,  carrier  body  ve^cities  in  “ 

*‘-.1ira«o"ciateS*'wi:g'  di“placl.ents'  J  If  east,  and 

iSm"ivet  V4  P  ignored.  As  a  result,  equation 

(3.3)  can  be  simplified  to  be. 
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V|r  =  ^RF. 
VN  =  fN“^BN 


(3.4) 


a^=  —  (2nsin<p4-wz)VN 
aBN  =  (  2  Hs  in9  4- u>z  )  Vf. 


«nd  a  are,  respectively,  back  accelerations 

SsocTated  with  “last  dlrrctions  and  north  dlrectrons. 

SfiE  “  -(2JJsin(p+Wz) 

?S"e  “foSTli”  f o“l  ca'lculating  ground  speed  is : 


V=VV|-rV5, 


(3.5) 


Angular  velocities  essociated  w^^^^  '“^e^f^SS'lfl'are: 

also  calculated  in  geograpnicai  By 


r  Vh 
Vf 

u,j  =  ^tg<p 

L 


(3.6) 


.  .nd  R  are  respectively,  main  curvature  radii  in 
locations  of  carrxer  bodies  are^ 


j,p=— <i)E 

U  =  <,.n/cos<p 


Platform  Control  __  aWen  to  gyroscopes  are  composed 

Control  moments  of  rotatio  ^  .  £qj-  angular  velocities 

«-F  tw^  parts.  one  part  Thrlther  part  compensates 

associat^  with  the  spin  of  ^^^^order  to  maintain  the  platform 

for  positional  angular  the  corresponding  gyroscope  ^is. 

irAesu^^tfr-d^-ent 

rroilirthS:  ot^o  "pratfc?m^s|Stems.  The  projection  relationship 


COSO  sinoi 


(3.8) 


"sino  cosoJ  Ltt>£ +00059- 


6 


/46 


Course  Angle  Equations:  installed  along 

Referring  to  Fig. 2. 2,  geo  that  the  horizontal 

platform  coordinate  ig  1  when  platforms  turn 

component  of  ancle  a  in  a  horizontal  plane,  the 

through,  a  platform  coordinate  axes  H,  and  ^ 

I^I'Sh^otheJ  th°i1e%:agnltometer  outputs.  Thus,  compass 
course  angles  are: 


a=arectg^  (HJ^^O) 
o=sin(H;)  •  90*  (h;=o) 


(3.9) 


(9 


1  ^ 

1  ?IKI»1 

9 

va-' 

JUPIPI 

5SSRi£ 

Fig. 3.1  course  Error  Calibration  Line  and  Block  Chart 

<1,  Magnetic  sensor  (y^^^irloursr Ns')’' 

rviSi^n  c'LlMon”  <6r>True  c’ourse 


Compass 

Magnetic 


Fig. 3. 2 


srtial/Geomagnetic  “i^VsTrt 

culation  Line  and  Block  Chart 
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1  itiflv  not  be  consistent  with  main  arctg 

a1tua««™ln„  it  is  necessary  to  add 

jLfiiy^To^Vss  -^netic  and 

compass  course  ®^^_inciDles  of  calibrations  are  as  shown  in 

apply  calibrations.  Jbe  princi^  concerned,  refer  to 

Fig. 3.1.  AS  far  as  the  specific  metu  basis  of 

Reference  [4].  it  is  possible  to  draw  up  calculation 

navigation  «y®^f 

4  SYSTEM  ERROR  ANALYSIS 

With  a  view  toward  cruise  missile  flights,  system  error 
equations  are  as  follows:  X-FX 


(4.1) 

X  =  (5Vx  SV,  §9  SX  <p,  9,  oa  e.  e.  V.  V,)  \  (4.2) 

y  is  a  system  error  status  matrix.  The  non  zero  elements 


In  equations, 


are; 
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V 

Fi.i  =  ^cosatg«>; 


F,3  =  -2ncos9  ♦  V,-^(V.cosa-V,sina)sec^9* 


tg9 


Fi.,  =  (V,V,sina+V;coso)  • 


p.  j  =  2nsin9+ 2  ^  ( V.cosa  —  V,sina ) ; 

F,.3  = 

F^,= 

F3.1  = 

F3.,= 

F..:  = 

F,.,= 


,,  ,  V.cosa  — V  sina  , 

,  =  2ncos<p  •  V.H — = - ^ - sec*9  •  V.; 


V 

!  — -^(V.sina  •  tg<p+V,cosa)s 
sing 

V.cosa  —  VySina 

=  _  5 


sinasec9 

R  ’ 

V,sina4-V,coso 

'  R 


sec9 ; 


F5.3=— Hsina  •  sin<p: 
F5.r  = 

Fs.r 


'flcosacosy? 

■R  ’ 


F3.5 

F*., 


=  —  nsin<p— ^  (V.cosa  -  V,sina )  ; 


v 

F,.3=  -  (2£lsin<p+YCOS»tg9) 

Fi.,=  -g 

Fi.,0-1 


V,sinatg9 


F3.,= 

F3.S  =  g 

F3.„*1 

fj.2-  R 

cososec<p 

F,.x-  R 

P  _ 

F4.J-  R 

1 


V,cosa  — VySino 
— - - - tg9  •  sec9 


F,. ,  =  nsin9-r  ^  (V.cosa  —  V,sina) 

F,.,=  l 

F,.3=  —DcosasirKp 

F5.7=  —  nsinacos9 
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This  article  goes 

differential  with  system  errors.  During 
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E(SVl,)  =  E(SV5o)  =  (0.1m/s)* 

E(8<pS)  =  E(SXS)  =  (0.5')* 
E(^io)  =  E(<p5®)  =  C20'')' 


E(3aO  =  (0.25*)* 

E(V;)  =  E(V;)  =  (10-‘g)* 

E(£-)  =  E(4)  =  (0.or/h)’ 


•  -Fiirrhi-  time  is  30  minutes.  Calculation 

During  simulations,  flig  .  ,  .  4.5.  In  the  Fig.'s,  option  is 
results  are  as  shown  in  unified  measurement  units. 

made  for  the  use  of  international  unifiea  m  there  are 

From  simulation  curves,  it  is  pos^  functions 

ertme  increases  associated  with  yari  system  error 

n?  ilaosed  time .  The  explanation  f this  are 

propagation  characteristics  and  accumulation  phenomena.  The 

Similar— with  the  existence  of  err  comparatively  slow, 

speeds  of  ^prScisiSSs  associated  with  short  te™ 

clearly  showing  tjet  gecision  3  minutes  of  fi^^nt 

utilization  are  relatively  axy  Latitude  errors  <  2.1  . 

velocity  errors  6y.  and  py  deduction  is  made  of  tbe  initia 

are'iqutvrient  to  inertial  navigation  systems. 


Fig.  4.1 


SV,  Mean  Square  Deviation 


Curve 


( 1 )  Time 
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5.  00 


Fig. 4. 2  6Vy  Mean  Square  Curve 


(1) 


Pig. 4. 3  Mean  Square  Curve  (1) 


Time 


Time 
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Fig. 4. 4  6X  Mean  Square  Curve  (1)  Time 


Fig. 4. 5  (Px  Mean  Square  Curve  (1)  Time 


Mean  Square  Curve  (1)  Time 


Fig. 4. 6  »y 


CONCLUSIONS 

1.  comparing  »i«d 

and  conventional  inertial  navig  i  y  autonomous  types  of 

volumes  are  c^^^P^^^tively  smaU.  Tne^ 

navigation  systems,  inertial  navigation  systems. 

navigation  and  i?f°^accuracies .  Their  preparation  times 

Systems  possess  ia^"«ed^iate  accuracx  ^  systems  in 

a^e  relatively  short.  is  possible^to^ay^^^^^^^  ^ 

question  possess  comparati  y  ?  oossible  to  use  them  in  order 
dumber  of  application  realms,  it  ^xble  to^^  ^ 

to  replace  ^“f^^^^Lu’^g^lemely  good  development  prospects, 
navigation  system  with  ert r ^eiy  g  .  systems  already  have 

2.  Mixed  inertial/geomagneticnavig  g^stems  in  question 

a  good  development  level  of  inertial  components 

arl  based  on  the  current  development  leve^l^of  ine 

domestically.  Dual  riij  platforms  and  velocity 

accelerometers  are  not  high.  similar.  The  latter  have 

azimuth  i ^Ln^auSIssfully China.  In  another  area, 

already  been  developed  successtu  y  ^^^^  ^gg  of 

magnetic  course  instruments  co  already  better  than  0.2 

geomagnetometers  and  microcomputeM  develop 

^Se?pnt“ior  "rese^ch  associated  with  the  systems  xn 

question. 

-n -c*  T?Krr*T3!  S 
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